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We report the spin to charge current conversation in an intrinsic topological insulator (TI) 
(Bi0.22Sb0.78)2Te3 film at room temperature. The spin currents are generated in a thin layer of 
permalloy (Py) by two different processes, spin pumping (SPE) and spin Seebeck effects (SSE). 
In the first we use microwave-driven ferromagnetic resonance of the Py film to generate a SPE 
spin current that is injected into the TI (Bi0.22Sb0.78)2Te3 layer in direct contact with Py. In the 
second we use the SSE in the longitudinal configuration in Py without contamination by the 
Nernst effect made possible with a thin NiO layer between the Py and (Bi0.22Sb0.78)2Te3 layers. 
The spin-to-charge current conversion is attributed to the inverse Edelstein effect (IEE) made 
possible by the spin-momentum locking in the electron Fermi contours due to the Rashba field. 
The measurements by the two techniques yield very similar values for the IEE parameter, which 
are larger than the reported values in the previous studies on topological insulators. 
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Topological Insulators (TIs) constitute a novel state of matter, which have been the subject of 
intensive investigations in condensed matter physics in the last decade. They are a new class of 
quantum materials that present insulating bulk, but metallic dissipationless surface states 
topologically protected by time reversal symmetry, opening several possibilities for practical 
applications in many scientific arenas including spintronics, quantum computation, magnetic 
monopoles and highly correlated electron systems [1-4]. More recently, it has been shown that 
TI-particles behave as optically induced oscillators in an optical tweezers [5]. The surface states 
are characterized by a single gapless Dirac cone and exhibit the remarkable spin-momentum 
locking: charge carrier move in such a way that their momenta are always perpendicular to their 
spin [4,6]. In addition, topological insulators have strong spin-orbit coupling (SOC) and as well 
have large spin-torque which are essential for efficient spin-charge conversion [7-9]. 
In turn, the conversion of charge currents into spin currents, and vice versa, are key 
phenomena for encoding and decoding information carried by electron spins in the active field 
of spintronics. Until recently, the only known mechanisms for conversion in both directions were 
the spin Hall effect (SHE) and its Onsager reciprocal, the inverse spin Hall effect (ISHE), that 
rely on electron scattering processes with spin-orbit interaction in 3D materials [10-14]. Studies 
of the spin-to-charge conversion by the ISHE have been conducted in metallic films with heavy 
elements, such as paramagnetic Pt, Pd, and Ta [15-27], ferromagnetic Py [28], antiferromagnetic 
materials such as IrMn and PtMn [29,30], and semiconductors [31-37]. Recent developments in 
thin-film growth techniques have made possible the fabrication of samples with atomically flat 
surfaces and interfaces that have led to the observation of new phenomena induced by SOC in 
2D systems [38-40]. Among them are the Edelstein effect, predicted some time ago [41], and its 
Onsager reciprocal, the inverse Edelstein effect, that enable new means to convert charge currents 
into spin currents, and vice versa. 
The direct Edelstein effect and the inverse Edelstein effect (IEE) are made possible by the 
Rashba effect that arises from SOC and broken inversion symmetry at material surfaces and 
interfaces [42-45]. The Rashba field produces spin-momentum locking in the electron Fermi 
contours that enables the conversion between spin and charge currents. The conversion of spin 
currents produced by ferromagnetic resonance (FMR) spin pumping into charge currents due to 
the IEE has been observed at Bi/Ag interfaces [46], single-layer graphene [47] and in a few TIs 
[8,48-50]. In this Rapid Communication, we report the observation of spin-to-charge current 
conversion by means of the IEE in the topological insulator (Bi0.22Sb0.78)2Te3 at room 
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temperature. The spin currents are generated by two different arrangements, microwave-driven 
spin pumping and the spin Seebeck effect.  
The experiments were carried out with two sample structures: i) consisting of the TI grown 
on a 0.5 mm thick sapphire (0001) substrate and with a Ni81Fe19 (permalloy-Py) top layer, ii) a 
trilayer in which a NiO layer is grown between the TI and the Py layers. In both, we have used a 
commercial 0.5 mm thick (0001) sapphire substrate onto which the TI is grown as follows. After 
high temperature annealing (~800 ºC) of the sapphire substrate, a six-quintuple layer (QL)-thick 
(BixSb1-x)2Te3 film is grown on top at a temperature ~230 oC in a custom-built ultrahigh vacuum 
molecular beam epitaxy (MBE) system and capped by a 3-nm-thick epitaxial Te layer. X-ray 
diffraction patterns confirm the high crystalline, single phase quality of the films, with growth 
along the c axis (see in the Supplemental Material more details about the conditions of growth 
and the crystallographic structure of the (Bi,Sb)Te films [51]). We have chosen the Bi 
concentration x=0.22 to locate the Fermi level close to the Dirac point [52-54]. The Py layer is 
deposited by DC magnetron sputtering, either directly on the TI film or separated by an insulating 
NiO layer, grown by RF sputtering at 160 ºC. The Py and NiO films were deposited in a 3 mTorr 
argon atmosphere in the sputter-up configuration, with the substrate at a distance of 9 cm from 
the target, and with a deposition rate fixed in 1 Å/s and 0.3 Å/s, respectively. Therefore, the Py 
and NiO layers were gently deposited over the TI to minimize any detrimental effect on the 
surface chemistry. Finally, two silver electrodes were attached to the ends of the TI layer for 
measuring the induced voltages. 
For the ferromagnetic resonance and spin pumping experiments the sample was mounted on 
the tip of a PVC rod and inserted through a hole drilled in the center of the back wall of a 
rectangular microwave cavity operating in the TE102 mode, at a frequency of 9.4 GHz with a Q 
factor of 2000. The sample is slightly inserted into the cavity in the plane of the back wall, in a 
position of maximum rf magnetic field and minimum rf electric field to avoid the generation of 
galvanic effects driven by the electric field. With this arrangement the static magnetic field H 
and the microwave field rfh  are in the film plane and kept perpendicular to each other as the 
sample is rotated for the measurements of the angular dependence of the FMR spectra and the dc 
voltage induced by the magnetization precession. Field scan spectra of the derivative of the 
microwave absorption dP/dH are obtained by modulating the field at 1.2 kHz and using lock-in 
detection. All FMR and voltage measurements were taken at room temperature. 
Figure 1(a) shows a schematic illustration of the 6QL (Bi0.22Sb0.78)2Te3/Py (12 nm) bilayer 
sample used in the SPE experiments, that has length 3 mm and width 1.5 mm. The Py films have 
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in-plane magnetization and thus the magnetic proximity effect is expected to shift the Dirac cone 
sideways along the momentum direction and does not open an exchange gap (i.e. in our 
heterostructures, the Dirac cone of the TI film will be preserved). Figure 1(b) shows the FMR 
absorption spectrum of the Py layer in contact with the TI film measured with microwave power 
of 24 mW. The FMR line has the shape of a Lorentzian derivative with peak-to-peak linewidth 
of 38.1 Oe, corresponding to a half-width at half-maximum (HWHM) linewidth of 0.33H
Oe. As shown in the inset of Fig. 1(b), an identical Py layer deposited on a Si substrate has 
linewidth 0.28 PyH Oe, showing that the contact of the TI layer produces an additional 
damping due to the spin pumping process [55,56], similar that observed in Pt/Py bilayers [17,19]. 
Figure 1(c) shows the field (H) scan dc voltage measured directly with a nanovoltmeter connected 
by copper wires to the electrodes, for a microwave power of 24 mW, for three angles of the in-
plane field. For º0  the voltage lineshape is the superposition of symmetric and antisymmetric 
components, changes sign with inversion of the field, and vanishes for the field along the sample 
strip º90 .  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. (color online) (a) Sketch of the bilayer sample 6QL (Bi0.22Sb0.78)2Te3/Py(12 nm) and coordinate 
system, where  is the in-plane angle. (b) FMR absorption derivative versus magnetic field H measured 
at 9.4 GHz and microwave power of 24 mW. Inset shows the FMR spectrum for a single Py (12 nm) layer 
on a Si substrate. (c) Voltage measured between the electrodes for three angles of the in-plane field, with 
the same microwave frequency and power as in (b). Inset shows the I-V curve of the (Bi0.22Sb0.78)2Te3/Py 
structure demonstrating the formation of Ohmic contacts between the electrodes. (d) Angular dependence 
of the symmetric (peak) component of the voltage line. The experimental data are represented by the solid 
circle symbols and the theoretical fit by the solid curve. 
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The field dependence voltage )(HV  measured between the electrodes can be described by 
the sum of two components, )()()( RasymRsym HHDVHHLVHV  , where )( RHHL   is the 
(symmetric) Lorentzian function and )( RHHD   is the (antisymmetric) Lorentzian derivative 
centered about the FMR resonance field 
RH . The voltage lineshape measured as function of the 
field angle   can be fit with the expression 
 sin2sin)]()([cos)(),( R
asym
CLR
sym
CLR
peak
Q HHDVHHLVHHLVHV  , (1) 
where 
sym
CLV  and 
asym
CLV  denote the amplitudes of the symmetric and antisymmetric components of 
the classical contributions, such as the galvanic effect, or spin rectification, generated in the Py 
layer [19], and 
peak
QV  is the peak value of the symmetric contribution to the voltage of quantum 
origin which will be discussed later. Figure 1 (d) shows the measured angle dependence of the 
symmetric component, which is the one of interest here, and a solid curve representing the fit 
obtained with Eq. (1).  
 
 
 
 
 
 
 
 
 
 
Figure 2. (color online) (a) Voltage measured between the electrodes at the field angle º0 for several 
microwave power levels as indicated. (b) and (c) Variation with power of the symmetric and 
antisymmetric components of the voltage obtained by the fitting of Lorentzian a Lorentzian derivative 
functions to the lineshapes in (a). (d) Power dependence of the measured symmetric peak component of 
the voltage at º0 . 
 
 
(a) (b)
(c)
(d)
0.4 0.8 1.2 1.6
-2
-1
0
1
2
3
4
5
 = 0º
f = 9.4GHz
 (Bi
1-x
Sb
x
)
2
Te
3
/Py(12nm)
 24 mW
 19 mW
 12 mW
  8 mW
  5 mW
  3 mW
  2 mW
V
 (

V
)
H (kOe)
-0.4 -0.2 0.0 0.2 0.4
0
1
2
3
 
 
 24 mW
 19 mW
 12 mW
  8 mW
  5 mW
  3 mw
  2 mW
V
 (

V
)
H-H
R
(kOe)
  (Bi
1-x
Sb
x
)
2
Te
3
/Py(12nm)
-0.4 -0.2 0.0 0.2 0.4
-2
0
2
 
 
 24 mW
 19 mW
 12 mW
 8 mW
 5 mW
 3 mW
 2 mW 
V
 (

V
)
H-H
R
(kOe)
 (Bi
1-x
Sb
x
)
2
Te
3
/Py(12nm)
0 5 10 15 20 25
0
1
2
 = 0º
f = 9.4GHz
V
s
y
m
 (

V
)
Power (mW)
6 
 
Figure 2(a) shows the voltage lineshapes measured at several power levels and Figs. 2(b) and 
2(c) show the corresponding symmetric and antisymmetric components of the lineshapes, 
obtained by fitting the sum of a Lorentzian function and a Lorentzian derivative to the data. Figure 
2 (d) shows that the symmetric component at º0 , which is 
peak
QV , exhibits a linear dependence 
with the microwave power. From Figs. 1(d) and 2(b) we have the value for the voltage of quantum 
origin at º0 , 3.2
peak
QV µV, for a microwave power of 24 mW, part of which is due to the 
magnonic charge pumping (MCP) that is produced in a single Py layer [57]. In order to separate 
the contributions, we have measured the voltage induced in a single layer of Py(12 nm) on Si 
substrate in the same conditions of the data in Figs. (1) and (2). For a microwave power of 24 
mW the symmetric component at 0  has a peak value of 0.4 µV.  
The most important source for the symmetric component of the voltage, and the one of 
interest here, is the conversion of the spin current produced by spin pumping into charge current 
in the TI layer. As is well known [12-19], in a ferromagnetic (FM) layer under ferromagnetic 
resonance, the precessing magnetization generates a spin current density (in units of charge/time 
area) at the FM/TI interface given by 
)(
8
2
R
rfeff
S HHL
H
hgpe
J 










,    (2) 
where e is the electron charge, 

effg  is the real part of the effective spin mixing conductance at the 
interface that takes into account the spin-pumped and back-flow spin currents [12-19,55,56],   
and rfh  are, respectively, the frequency and amplitude of the driving microwave magnetic field, 
and p is the precession ellipticity factor 
2)42/()4()/(4 effReffR MHMHp   , where 
effM4  is the effective magnetization that appears in the expression for the FMR frequency 
2/1)]4([ effRR MHHf   . The spin current produced by the FMR spin pumping flows through 
the FM/TI interface into the TI layer. We follow Refs. [8, 44-50] and interpret the spin-to-charge 
conversion in the TI layer as arising from the inverse Edelstein effect (IEE), that has its origin in 
the spin-momentum locking in the Fermi contours due to the Rashba SOC interaction. The 3D 
spin current in Eq. (2) flows into the TI layer and is converted by the IEE into a lateral charge 
current with a 2D density SIEEC Jej )/2(  , where IEE  is a coefficient characterizing the IEE, 
with dimension of length and proportional to the Rashba coefficient, and hence to the magnitude 
of the SOC [8,44-46]. The measured voltage is related to this current density by CSIEE jwRV  , 
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where SR  is the shunt resistance, w the width of the (Bi,Sb)Te/Py bilayer in the length of the Py 
layer and 𝑗𝐶 has units of A/m.  
In order to obtain the IEE length from the experimental data, we need initially to calculate 
the SPE spin current. The real part of the spin mixing conductance of the (Bi,Sb)Te/Py interface 
that enters in Eq. (2) can be inferred from the broadening of the FMR linewidth due to the spin 
pumping process using )()/4( 0 PyPyeff HHtMg 
    [12-14,17,55,56]. With 114 0 M
kG, 12Pyt  nm, 4.92/  GHz, we find that the additional linewidth of 5 Oe measured in Py 
due to the contact with the TI layer corresponds to 
19100.1 effg  m
-2, a value similar to the one 
for Py/Pt interfaces [12-19]. The amplitude of the microwave field in Eq. (1), in Oersted, is related 
to the incident power iP , in watt, by 
2/1)(776.1 irf Ph  , calculated for a microwave cavity made 
with a shorted standard X-band rectangular waveguide, operating in the TE102 mode with Q factor 
of 2000, at a frequency of 9.4 GHz. Using these values, we obtain for 24iP mW, RHH  , the 
spin current density at the interface produced by the FMR spin pumping 
5103.2 SJ  A/m
2. The 
charge current density due to the conversion from the spin current by the IEE, given by 
)/( S
peak
IEEC RwVj  , corresponding to the measured voltage of 9.1
peak
IEEV µV, considering that the 
shunt resistance is approximately the one of the Py layer, 71SR Ω, and 5.1w mm, is 
5107.1 Cj  A/m. Thus, the IEE length SCIEE Jj /  obtained from the spin pumping 
measurements is 075.0IEE  nm. 
The spin pumping origin of the spin current pumped into the TI was confirmed by using a 
broadband microwave microstrip setup and measuring the voltage between the electrodes on the 
TI strip with scanning H for several frequencies, keeping constant the incident power at the 
28iP  mW. With this power level, the rf magnetic field produced in the sample placed on a 
copper microstrip 0.5 mm wide with characteristic impedance 500 Z  Ω, is very similar to the 
one in the microwave cavity with Q=2000 with power 24 mW previously described. The field 
dependencies of the voltages measured at several frequencies are shown in the lower panel of 
Fig. 3 with Lorentzian fits. One clearly see the broadening of the voltage lines with increasing 
frequency, which is a characteristic feature of the spin pumping damping [55,56]. The upper panel 
in Fig. 3 shows the variation of the measured field value for the peak voltage, that is the FMR 
field RH , with the driving frequency. In order to compare the voltages measured at the various 
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frequencies we need to consider that the peak value of the pumped spin current varies inversely 
with the FMR linewidth squared, 
2H , as in Eq. (2). Thus we introduce the normalized peak 
voltage, defined by 
2
5)/(* HHVV  , where V and H  are, respectively, the peak voltage and 
the linewidth measured at a frequency f, and 5H  is the linewidth at 5 GHz. The linear increase 
of the normalized peak voltage shown in the inset of the upper panel of Fig. 3 provides another 
evidence of the spin pumping origin of voltage induced in the TI layer. 
 
  
 
 
 
 
 
 
 
Figure 3. (color online) Lower panel: the voltage measured between the electrodes on the TI 
strip at the field angle º0  for several microwave driving frequencies as indicated, and power 
28 mW. Upper panel: Driving frequency versus the field value for the peak voltage. Inset shows 
the variation with frequency of the peak voltage normalized by the FMR linewidth squared 
referred to the value at 5 GHz. 
 
In order to confirm the spin-to-charge current conversion in (Bi1-xSbx)2Te3 by the IEE, we 
have used another process to generate spin currents, namely, the spin Seebeck effect (SSE). We 
used a sample arrangement illustrated Fig. 4(a), in which a 5 nm thick NiO layer provides 
electrical isolation between the TI and Py films. The Py layer has width 1.0 mm, smaller than the 
NiO and TI layers, to avoid possible contacts at the edges. A commercial Peltier module, of width 
4 mm, is used to heat or cool the side of the Py layer while the substrate is maintained in thermal 
contact with a copper block at room temperature. The temperature difference ΔT across the 
sample is calibrated as a function of the current in the Peltier module by means of a differential 
thermocouple. The temperature gradient perpendicular to the Py layer has two effects: One is to 
generate a voltage along the layer by means of the classical anomalous Nernst effect (ANE) [58-
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61]; the other is to generate a spin current across the Py layer by the longitudinal spin Seebeck 
effect [61-66]. Since NiO is a room temperature antiferromagnet, it blocks the flow of charge 
current but transports spin currents [66-69], thus allowing the measurements of the voltage 
generated in the TI layer separated from the voltage induced in the Py layer by the ANE. Figure 
4(b) shows the voltages measured between the two electrodes in the (Bi1-xSbx)2Te3 layer that are 
produced by the electric current resulting from the IEE spin-to-charge conversion of the spin 
current generated by the spin Seebeck effect in the Py layer that is injected into the Py/NiO 
interface and transported by the magnons in the NiO layer. The magnetic field dependencies of 
the SSE-IEE voltages in the TI layer for several values of the temperature difference T  across 
the sample structure are shown in Fig. 4 (b). Note that 0T  corresponds to the Peltier module 
warmer than the substrate. The data have the shape of the hysteresis curve of Py with very small 
coercitivity in the field scale of the measurements. The change in the voltage sign with the field 
reversal is due to the sign change of the spin polarization. Figure 4 (c) shows the measured 
variation of the voltage plateau with the temperature difference T  for applied fields of 
4.0H  kOe. The linear dependence of SSEV   
 
 
 
 
 
 
 
 
 
Figure 4. (color online) (a) Schematic illustration of the sample 6QL (Bi0.22Sb0.78)2Te3/NiO/Py(12 nm) 
structure used to measure the voltages generated by the ANE and SSE. (b) Variation with magnetic field 
of the SSE-IEE voltage measured in the TI layer, created by the combined SSE in the Py layer and IEE 
in the TI, for several values of ΔT as indicated. Positive T corresponds to the Peltier module warmer 
than the substrate. (c) Variation with temperature difference of the SSE-IEE voltage measured with H=0.4 
kOe, in two field directions.  
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on T  results from the fact that the spin current generated by the LSSE in Py is proportional to 
the temperature gradient across the Py layer [66]. In order to calculate the IEE parameter obtained 
from the SSE-IEE measurements we use data for the SSE in Si/Py/NiO/Pt in Ref. [66] and rescale 
the numbers accordingly. The value of the charge current measured in the Pt layer in the sample 
Si/Py(20 nm)/NiO(5 nm)/Pt (6 nm) for 12T K is 24.3 nA, corresponding to a current density 
in the Pt layer of width 2.5 mm and thickness 6 nm of 3106.1 CJ A/m
2 [66]. Considering for 
the spin Hall angle of Pt the value 05.0SH  [12-14], this gives for the spin current density 
reaching the Pt after attenuation in the NiO layer the value 4102.3 SJ A/m
2 for 12T K. 
However, we must consider that the temperature gradients in the Py layer in the Si/Py/NiO/Pt and 
in the Al2O3/TI/NiO/Py samples are different. The temperature gradient across the Py layer in the 
Si/Py/NiO/Pt sample is given by )/()/( SPySiPy tTKKT  , where PyK  and SiK  are the thermal 
conductivities of Py and Si, and St  is the sample thickness. For 12T K, 4.0St  mm, 
148SiK  W/(K m), 4.46PyK  W/(K m), 957 PyT  K/cm. On the other hand, in the 
Al2O3/TI/NiO/Py sample, the gradient corresponding to a temperature difference T is 
)/()/( 32 SPyOAlPy tTKKT  , which gives for 12T K, 5.0St  mm, 9.4132 OAlK  W/(K 
m), 217 PyT  K/cm. Thus, the same 12T K would generate in the TI layer a spin current 
density 3102.7 SJ A/m
2. From the data in Fig. 4 (c), for 12T K the voltage in the TI layer 
is 9.5SSEV V, which, for a resistance of 
41008.1 R  Ω of the TI in the length of the Peltier 
module in a width of 1 mm corresponds to a 2D current density of 71046.5 Cj A/m. In turn, 
the resistance between the Py film and the TI layer is R ≥ 1.0×106 Ω. Therefore, the resistance 
measurements give us assurance that the NiO layer (5nm) is a good electrical insulator. Thus, the 
IEE parameter SCIEE Jj /  obtained from the SSE measurements is 076.0IEE nm, which is 
nearly the same obtained from the SPE measurements. 
In summary, we have demonstrated the conversion of a spin current into a charge current in 
the topological insulator (Bi0.22Sb0.78)2Te3 at room temperature, that is attributed to the inverse 
Edelstein effect (IEE) made possible by the spin-momentum locking in the electron Fermi 
contours due to the Rashba field. The spin currents were generated in a thin layer of permalloy 
by two different processes, spin pumping (SPE) and spin Seebeck effects (SSE). In the former 
we have used microwave-driven ferromagnetic resonance of the Py film to generate a spin current 
that is injected into the TI film in direct contact with Py. In the latter we have used the SSE in the 
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longitudinal configuration in Py with no contamination by the Nernst effect made possible with 
the use of a thin NiO layer between the Py and TI layers. The results of the two measurements 
yield nearly identical values for the IEE coefficient, 0.076 nm, which is about twice the value 
measured for the topological insulator Bi2Se3 (6 QL) and about four times larger than the value 
for (Bi,Sb)2Te3 (6 QL) [50]. 
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I. The growth of topological insulator (Bi1-xSbx)2Te3 thin films 
 
The topological insulator (TI) thin film growth was performed using a custom-built 
ultrahigh vacuum molecular beam epitaxy (MBE) system. The insulating heat-treated sapphire 
(0001) was used as substrate and has been outgassed at 800°C for one hour before the 
deposition. The Bi, Sb and Te were evaporated from Knudsen effusion cells using high 
purity  Bi(99.999%), Sb(99.9999%) and Te (99.9999%). During the growth, the substrate was 
maintained at 230 °C.  To reduce Te vacancies, the growth is kept in Te-rich condition (the flux 
ratio of Te per (Bi +Sb) was set to approximately ∼10). The Bi, Sb and Te concentrations in the 
films were determined by their ratio, obtained in situ during growth using properly calibrated 
quartz crystal monitors.  The growth rate for the TI films was ~0.2 quintuple layers (QLs) per 
minute. Following the growth, the TI films were annealed at 230℃ for 30 minutes to improve 
the crystal quality before being cooled down to room temperature. The sharp and streaky 1×1 
reflective high energy electron diffraction (RHEED) patterns (Figs. S1a and S1b) indicate the 
high single crystalline quality of 6QL (Bi0.22Sb0.78)2Te3 film grown on sapphire (0001) substrate. 
To avoid possible contamination, a 3-nm thick epitaxial Te capping layer was deposited at room 
temperature on top of the TI films before taking the samples out of the MBE chamber for the 
device fabrications. 
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Fig. S1. (color online) RHEED patterns of 6 QL (Bi0.22Sb0.78)2Te3 grown on sapphire (0001) with the 
electron beam parallel to along [1110](a) and[2110]  (b).  
 
 
II. X-ray diffraction of the TI films 
 
 
The crystallographic structure of the (Bi0.22Sb0.78)2Te3 film was assessed by X-ray 
diffraction (XRD) measurements. The XRD spectrum at high resolution detailing the position 
of the peaks of the TI film is shown in Fig. S2. The diffraction patterns were obtained at angles 
between 5° and 70° (2θ).  The XRD pattern indicates that the reflections are only from (00l) 
family of planes of (Bi1-xSbx)2Te3, with the sapphire (006) peak or with the (001) peak of the Te 
capping layer, suggesting that no impurity phase is present. The inset in Fig. S1 shows XRD 
rocking measured at 2θ=17.24°, corresponding to the (Bi0.22Sb0.78)2Te3 (006) peak. A Gaussian 
fit to the spectrum gives a full width at half maximum (FWHM) of only 0.07°, demonstrating 
that a perfectly aligned domain epitaxial film has grown. The XRD patterns were recorded using 
the Bruker D8 Discover Diffractometer equipped with the Cu Kα radiation (λ=1.5418Å). 
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Figure S2. (color online) X-ray diffraction result of a typical 6 QL (Bi0.22Sb0.78)2Te3 grown on sapphire 
(Al2O3). The inset shows the XRD rocking curve, corresponding to the (Bi,Sb)Te (006) peak that gives a 
FWHM of 0.07°. The results of XRD measurements indicate that the present TI film is epitaxially grown 
on the sapphire substrate. 
 
III. Transport properties of TI films 
 
 
Based on previous work we have chosen the Bi concentration x=0.22 to locate the Fermi 
level close to the Dirac point and so the resistivity in the bulk part should show insulating 
behavior. On this point, it is important to mention that the results involving the variation of Bi 
concentration to locate the Fermi level close to the Dirac point, have been explored in previous 
publications [52, 53 and 54]. In these previous publications, transport measurements (including 
resistivity, ordinary Hall measurements and anomalous Hall conductance) were also extensively 
explored. Figure S3 displays the temperature dependence of the longitudinal resistance, Rxx, for 
the TI-samples used in this manuscript. The resistance data indicate insulator-like behaviour for 
the samples. In the measure, Rxx increases with decreasing temperature in almost the entire 
temperature range, reflecting the depletion of bulk carriers. 
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Figure S3. (color online) Temperature dependence of longitudinal resistance Rxx 6 QL (Bi0.22Sb0.78)2Te3 
sample. 
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